A population of T cells has been described that can promote or enhance the proliferation and differentiation of Lyt-2,3 ÷ cytolytic T lymphocyte (CTL) I precursor cells in mixed leukocyte culture (MLC) (1-3). Termed amplifier T cells, they have been characterized as Lyt-1 + cells that appear to be stimulated by specific alloantigens, perhaps I region-encoded (1, 2, 4). Amplifier T cells are required for the release of nonspecific soluble factors that mediate the enhancement of cytolytic activity (5-12). However, efforts to further characterize the nature of the interacting T lymphocytes, the antigens to which they respond, and the soluble factors involved in the response have been hampered by the heterogeneous nature of the participating cell populations. Generally, attempts to derive functioning amplifier or cytolytic cell hybridomas have been unsuccessful (13), although T cell hybrids that have suppressor functions have been developed (14) .
and cytolytic T cells in vitro. We show that cloned noncytolytic cells are amplifier T cells responding to M locus (Mls) determinants. Such amplifier cells are functionally radioresistant and secrete soluble amplifier factor(s) that are neither antigen specific nor H-2 restricted. The cytolytic cell clones, which require both SF and irradiated splenic feeder cells for proliferation, are activated by the amplifier cell clones in a polyclonal fashion.
Chemicals, Inc.) (0.2 g/100 ml SF) to remove Con A, filtered through a 0.2-#m Nalgene filter, and stored at -20°C.
Cloning Procedure. Secondary MLC cells were harvested 48 h after initiation of culture, and then centrifuged and resuspended in either MLC or LCA SF at a concentration of 20-0.2 cell/ mt. A 0. l-ml aliquot was then added to each microwell of a tissue culture plate (6.4-mm diam; Costar 3596, Costar, Data Packaging, Cambridge, Mass.) to which 106 irradiated (1,400 rad) DBA/2 spleen cells in 0.1 ml of medium (DMEM, 20% FCS, 5 × 10 -5 M 2-ME, and penicillin/ streptomycin) had been added previously. The cloning plate was incubated at 37°C, and 0.1 ml of additional medium (DMEM, 50% SF, 11% FCS, and 5 × 10 -5 M 2-ME) was added to each well after 4 d of incubation. Clusters of cells appeared in the cloning wells after 6-9 d of incubation.
Assay for Cell-mediated Lympholysis (CML).
Cytolyic activity was measured in a 51Cr release assay as described by Cerottini et al. (21) with modifications (22) , except that assays were 3.5 h in length. The percentage of specific cytotoxicity at various effector:target cell ratios was calculated by the formula:
Percent specific lysis counts per minuteexperlmental --counts per minutespontaneous release × i00. counts per minutemaximum release --counts per minutespont~eous release Maximum release was determined by freeze-thaw lysis of target cells. Lytic units per cuhurc were calculatcd from individual dose-response curves by taking the reciprocal of that cuhure fraction that caused 50% specific lysis of target cells; therefore, one lytic unit is defined as the number of effcctor cells requircd to lyse 50% of i0,000 target cells within 3.5 h (21, 22) .
Target Cells. P-815 (H-2d), RBL5 (H-2b), and AKR-A (H-2 k) tumor cells maintained in
culture were used as target cells. Murine Con A blast target cells were obtained by culturing spleen cells in culture medium that contained 1 ~g/ml Con A for 2-4 days. Rat Con A blasts were generated in a similar manner except that MOPS was not added to the culture medium, and the Con A concentration was increased to 2.5 #g/ml.
Mixed Lymphocyte Reaction (MRL).
Cultures were established in triplicate wells of a flatbottom microwell tissue culture plate (Costar 3596, Costar, Data Packaging). Each well contained 106 irradiated (1,400 rad) spleen cells, 33% SF or culture medium, and 10,000 cloned T cells, in a total vol of 0.3 ml. The plates were incubated at 37°C, and after various intervals of culture, 1 /~Ci of tritiated thymidine ([aH]TdR) (2 Ci/mmol, The Radiochemical Centre, Amersham England) was added to each well. After incubation for 4 h at 37°C, cells were then collected onto filter paper strips with a cell harvester (Otto Hiller, Madison, Wis.), and counted in a Searle Isocap/300 liquid scintillation counter (Searle Radiographics, Inc., Des Plaines, Ill.). Results are expressed as disintegrations per minute ± SEM, with the channels ratio method for conversion from counts per minute. The stimulation index was calculated relative to cultures with syngeneic spleen cells.
Alternatively, cells were collected from MLC cultures and resuspended in culture medium. A 0. l-ml aliquot was then transferred to triplicate wells of a flat-bottom microwell culture plate and pulsed with 1/~Ci [aH]TdR for 4 h.
T Cell Fractionation. Splenic T cells were enriched for by the method of Julius et al. (23) with glass wool-nylon wool-column fractionation.
Antiserum and Treatment. Anti-mouse thymic lymphocyte antigen (MTLA) serum was raised in goats by the method of Sauser et al. (24) , and was specific for T cells by a variety of tests (data not shown). T cells were depleted from spleen cell populations by treating twice with anti-MTLA plus rabbit complement. Spleen cells were incubated with anti-MTLA serum (1: 10) for 30 min at 4°C, followed by incubation with rabbit complement (1:5) for 45 min at 37°C.
Anti-Lyt-1.2 and anti-Lyt-2.2 sera, generously provided by Dr. Harvey Cantor, were prepared according to Shen et al. (25) and were specific for the appropriate Lyt alloantigen by a number of criteria, which included reduction of eytotoxic titer after absorption of the anti-Lyt sera with the appropriate B6 congenic strains, negative staining with the appropriate B6 congenic cells, and patterns of fluorescence that were identical to those obtained with monoclonal antibodies of anti-Lyt specificity (data not shown). For determination of Lyt phenotype, cells were incubated with anti-Lyt-l.2 (1:30) or anti-Lyt-2.2 (1:60) serum for 30 min on ice. After staining with fluoresceinated anti-Ig (1:20) for 30 rain at 4°C, the cells were resuspended in medium for analysis with the fluorescence-activated cell sorter (FACS II, Becton Dickinson & Co., Mr. View, Calif.). In some instances the cells were preabsorbed with 10% human heat-aggregated serum to reduce Fc binding, which was not found to affect the staining patterns.
Results
Proliferative and Cytolytic Properties of Cloned T Cell Lines. Primary B6 anti-DBA/2 or A/J anti-DBA/2 MLC cells were collected after 14 d of culture and restimulated at low density with irradiated DBA/2 alloantigen (responder cell:stimulator cell ratio of 1:7). Secondary MLC cells were cloned 48 h after restimulation by limiting dilution in microwells with irradiated DBA/2 cells and either MLC or LCA SF. Clones of cells appeared 6-9 d after culturing, and all wells were screened for the expression of cytolytic activity. Cell clones of interest were recloned with conditions yielding growth in <5% of the cloning wells and maintained by weekly passaging with irradiated alloantigen and either MLC or LCA SF. When the cell clones had been maintained in culture for >1 mo after recloning, the proliferative and cytolytic properties of several cell clones were measured.
Cell clones were cultured with irradiated DBA/2 alloantigen and either culture medium or LCA SF, and assayed at various intervals for cell recovery, [3H]TdR incorporation, and cytolytic activity (Fig. 1) . Cell lines L3 and B 18, of B6 origin, and C25, of A/J origin, did not proliferate appreciably when cultured with the original stimulating DBA/2 alloantigen unless either LCA SF ( Fig. 1 d and e) or MLC SF (data not shown) was added. Peak [3H]TdR incorporation was observed on day 5, whereas total viable cell recoveries peaked between days 5 and 7 compared with the initial addition of 1.6 × 10 4 clone cell/culture. Expressed in terms of lytic units per culture with P-815 (H-2 d) mastocytoma as the target ceil, the cytolytic activities of cell lines L3, B18, and C25 cultured with alloantigen and LCA SF were 109-to 330-fold greater than the lytic activity of cells cultured only with alloantigen ( Fig. 1 f) . When expressed in terms of lytic units per 106 cells recovered from culture, however, the amount of cytolytic activity generated in cultures that contained alloantigen and either culture medium or LCA SF was, on a cell-cell basis, nearly identical (20) . Therefore, the cytolytic activities of L3, B18, and C25 are related primarily to the number of cells developing during culture.
On the other hand, cell lines L2 and Fal3, of B6 origin, and C14, of A/J origin, proliferated when cultured with DBA/2 alloantigen and culture medium (Fig. 1 a) . The cell lines uniformly reached peak levels of [3H]TdR incorporation after 3 d of culture, whereas, paradoxically, total viable cell recoveries increased up to 5 d, and declined thereafter. The inclusion of LCA SF significantly increased the proliferative response of the cell lines while not affecting the kinetics of the response (Fig. 1 b) . Although L2, Fal3, and C 14 cells proliferated in culture, these cells never expressed any detectable cytolytic activity (Fig. 1 c) . The addition of Con A to a 5~Cr release assay to promote nonspecific lysis (26) did not result in significant cytolytic activity (data not shown).
All of the cell lines isolated, both cytolytic and noncytolytic, were diploid in nature and expressed the Thy-l.2 antigen (data not shown). The expression of Lyt-1 and Lyt-2 alioantigens was measured both by indirect immunofluorescence (Fig. 2) absorption (data not shown). The cytolytic cell lines L3 and B18 were determined to be Lyt-l-,2 + (Fig. 2 b-c) . The noncytolytic L2 cells were Lyt-1-,2- (Fig. 2 d) , whereas the noncytolytic Fal3 and Fal5 cells were Lyt-l+,2 -( Fig. 2e and f) . The Fal3 cell line (Fig. 2 e) expressed high levels of the Lyt-1 antigen compared with thymocytes ( Fig. 2a) or Fal5 cells (Fig. 2f) .
The noncytolytic cell lines L2, Fa 13, and C 14 proliferate in response to alloantigen stimulation in the absence of any added SF. To examine the specificity of stimulation, the proliferative responses of the noncytolytic cell lines were measured in cultures prepared with various stimulating spleen cell populations. ... 
Specificity of Proliferation of
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Mode of Amplification. Various combinations of L2 cells, L3 cells, and alloantigen
were cultured in Marbrook culture chambers separated by a 0.2-/~m membrane filter. After 5 d of culture, the contents of each chamber were assayed for cytolytic activity. Table IV (Table V) . L2 SF was collected after 48 h of culture and compared with the ability of 48-h MLC SF and LCA SF, and culture medium, to enhance the expression of L3 cell cytolytic activity when cultured with T cell-depleted alloantigen. The data from a representative experiment is shown in Table V . The addition of L2 SF to cultures of L3 cells with alloantigen resulted in a 23-fold increase in cytolytic activity per culture compared with the addition of culture medium. The addition of MLC SF or LCA SF resulted in 112-and 225-fold increases in cytolytic activity, respectively. The differences in amplification of cytolytic activity produced by the different SF may relate to the number of cells required for SF production. The MLC SF and LCA SF were produced by 1.8 × 106 or 12.5 × 106 responding cells, respectively, whereas an equivalent amount of L2 SF was produced by only,105 L2 cells. L2 cell cultures, therefore, secrete soluble amplifying factor(s) upon specific Mls stimulation.
SF was also collected from cultures of L2 cells (Lyt-1-) prepared with irradiated T cell-depleted BDF1 spleen cells (Table V) . In a different series of experiments, such 48-h L2 SF in the presence of irradiated T cell-depleted DBA/2, spleen cells were effective in promoting L3 cell proliferation (sevenfold increase), which indicates that the L2 cell amplifying factor did not act through or require an Lyt-1 + T cell present in the stimulating cell population. Therefore, an Lyt-1 + T cell is not necessarily required for augmentation of cytolytic activity, although the possibility that L2 cells may have lost the ability to express Lyt-1 antigens with continuous in vitro culture 
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can not be discounted. However, the presence of irradiated (non-T) spleen cells was required for amplification ofcytolytic activity by the L2 SF, which indicates an active role for the irradiated spleen cells beyond a passive one of alloantigen presentation. Recent data would indicate that the irradiated spleen cells release a short-lived factor(s) that, in conjunction with our SF, supports the growth of the cytolytic cell lines (C. T. Lutz. Manuscript in preparation.). Whereas many of the cloned cell lines are of B6 origin, cloned amplifier and cytolytic T cell lines of A/J origin have also been isolated. We next investigated the specificity of amplifier cell help by culturing cloned amplifier cell lines with cloned cytolytic cell lines of differing origin and antigen specificity. (Table VI) .
Lack of Specificity in Interactions Between
The expression of cytolytic activity in cultures that contained cytolytic cell lines were increased >14-fold by the inclusion of noncytolytic amplifier cell lines. The cytolytic activity expressed by each cell line remained specific for H-2D d or H-2K d alloantigens, whether B6-or A/J-derived amplifier cell lines were included (data not shown). Amplifier cell help, therefore, is not antigen specific because individual amplifier cell lines could augment equally well the expression of cytolytic activity by H-2D a (L3)-or H-2K d (B 18, C25)-reactive cytolytic cell lines. Also, amplifier cell help was not H-2 restricted because B6-derived amplifier cell lines (L2, Fal3, Fal5) could augment the expression of cytolytic activity by an A/J-derived cytolytic cell line (C25), and vice versa. The expression of Lyt-1 alloantigens on the amplifier cell surface was not necessary for cooperation with cytolytic cell lines in the expression of cytolytic activity. L2 cells (Lyt-1-) were as effective as Fa 15 cells (Lyt-1 +) in amplifying the cytolytic response by cultures that contained cytolytic cell lines. The amplification of cytolytic activity by the cloned amplifier cell lines is, therefore, neither antigen specific nor H-2 restricted nor Lyt-1 dependent.
Discussion
The present study confirms previous reports that amplifier T cells can augment the expression of cytolytic activity in MLC (1-3), and extends those observations with cloned T cell lines rather than heterogeneous cell populations. Our results demonstrate that amplifier cell lines that are stimulated by Mls determinants secrete soluble factor(s), which, in turn, induce the proliferation ofcytolytic cell lines reactive toward the original sensitizing H-2 alloantigens, thereby amplifying the expression of cytolytic activity per culture. Functionally, the soluble amplifying factors are neither antigen specific nor H-2 restricted and are able to stimulate the proliferation of Lyt-2 + cytolytic cell lines in the absence of specific alloantigen. These results suggest a pathway in which products derived from amplifier cells responsive to Mls determinants produce polyclonal activation of primed CTL.
The antigens that stimulate proliferation of the cloned amplifier T cell lines in the absence of SF appear to be Mls determinants, which are known to induce strong MLR responses (28) . It is somewhat surprising that none of the four amplifier cell lines described are reactive towards H-2 alloantigens because cell populations that contain amplifier T cells are capable of augmenting the cytolytic response when stimulated by H-2 alloantigens in MLC (1, 2, 4) . Both of the strain combinations used in our studies, A/J anti-DBA/2 and C57 anti-DBA/2, involved H-2K + I or entire H-2 differences, respectively, as well as incompatibilities at the Mls. The Mls, which is not linked to H-2 or closely linked to any other histocompatibility locus, has four codominant determinants; Mls a'a are strongly stimulatory in vitro, Mlsc is much weaker, and Mls b may be nonstimulatory (28) . The strongly stimulating Mls determinant, Mls a, is expressed on DBA/2 spleen cells and was involved in sensitization of the responding cells in vitro. A possible explanation is that our culture conditions for MLC sensitization of cells may not favor the development of H-2-reactive amplifier cell clones. Attempts to augment the expression of cytolytic activity toward H-2K antigens by including I-region stimulation have not succeeded with culture conditions similar to ours (29) . An important difference here may be our use of FCS instead of the homologous mouse serum used by others in studying H-2 proliferative responses (30) . Also, the kinetics of the proliferative responses toward Mls and H-2 alloantigens may be different, so that at the time of cloning there were greater numbers of Mlsresponsive cells. The specificity of the cytolytic cell lines was quite varied. Several cell lines were specific for the H-2D-or H-2K-region alloantigens of the original stimulating cell. Other cell lines lysed target cells bearing different H-2 alloantigens. In some cases, this could be demonstrated only by using tumor target cells, whereas Con A blast target cells bearing comparable H-2 antigens were not lysed. Because many of the tumor target cells commonly used express viral antigens, the expression of new or altered antigenic structures on tumor cell surfaces may explain some of these results because allosensitized CTL can be cross-reactive towards allo-determinants and modified-self determinants (32) . It is of interest that the antigenic determinants recognized by two cytolytic cell lines were expressed on both rat and mouse spleen cells. McKearn et al. (33) have reported similar cross-reactivity in these species with monoclonal antibodies directed against rat Ag-B antigens. Final determination of the antigenic specificities recognized by the cell lines will be accomplished by selective blocking of target cell lysis with antisera directed against known public and private specificities.
It has been proposed that two signals are necessary for the induction of primary CTL responses in vitro. The first signal is provided by interaction of receptors on Lyt-2 + CTL precursors with sensitizing alloantigens, which are coded for primarily, but not exclusively, by the K and D regions of the MHC. A second signal is provided by a nonspecific stimulus that is delivered by amplifier cells (Lyt-1 ÷) activated, perhaps, by I-region determinants. The demonstration that nonspecific SF derived from MLC are able to amplify primary CTL responses is consistent with a two-signal model that involves soluble factors (5) (6) (7) (8) (9) (10) (11) (12) . In contrast, the second signal alone appears to be sufficient for the activation of secondary CTL responses (9) (10) (11) . SF collected from mitogen-or antigen-stimulated spleen cell cultures are able nonspecifically to trigger cell proliferation and cytolytic activity of cells from secondary MLC in the absence of the original sensitizing alloantigen (9) (10) (11) . By using this approach, it has been possible to maintain continuously proliferating cytolytic T cell lines in vitro (15) (16) (17) .
Our results are consistent with the view that specific alloantigen (signal 1) is not essential for proliferation of CTL. Cloned cytolytic L3 cells, specific for H-2D a alloantigens, proliferated and concomitantly expressed specific cytolytic activity when cultured with cloned amplifier L2 cells and irradiated third-party CBA/J (H-2 k) spleen cells. In this combination, the CBA/J spleen cells served as a source of Mls alloantigen that stimulated proliferation of L2 cells and the release of SF (signal 2). Levels of cytolytic activity were the same if L3 cells, before culture, were maintained with syngeneic spleen cells to avoid transmission of antigenic material that could be derived from allogeneic stimulating cells. These findings are in agreement with those of Ryser et al. (9) and Wagner and Rollinghoff (11) who found that trypsin-treated alloimmune CTL responded to mitogen-or MLCoderived factors (signal 2) in the absence of alloantigen (signal 1) as readily as untreated cells. Immune T cells can, therefore, be stimulated to proliferate with the expression of cytolytic activity in the absence of signal 1 (alloantigen).
The amplifying factor(s) collected from cultures of cloned amplifier cells and irradiated stimulating alloantigen appear to be functionally similar to the murine lymphokines reported by Ryser et al. (9) and Wagner and Rollinghoff (11) that promote cytolytic responses by secondary MLC cells in a polyclonal manner. These lymphokines, as well as the amplifying factor delivered by our cell lines, are neither antigen specific nor strain specific, and do not require specific alloantigen for the stimulation of immune T cells. However, our cloned cytolytic T cell lines are unlike those reported by other investigators in that they do not proliferate when cultured alone with amplifying SF (15) (16) (17) 19) ; irradiated splenic feeder cells are nonspecifically required in addition (20) . Although culture with the original stimulating alloantigen and SF results in the greatest stimulation (20) , spleen cells of all H-2 haplotypes tested supported the growth of the cytolytic cell lines when cultured with LCA SF (data not shown). Recent experiments would indicate that adherent accessory cells present in splenic feeder cell populations supply nonspecific labile factors that function together with amplifier cell-derived factors to stimulate proliferation of the cytolytic cell lines ((3. T. Lutz. Manuscript in preparation.). Why our T cell lines should require SF and feeder cells for growth, whereas the other reported T cell lines require only SF, is unclear. In contrast to our method for deriving cloned cell lines, others (16, 19) have maintained bulk MLC cells with LCA SF alone and then cloned CTL after continued passaging in vitro. Maintenance of bulk MLC cells with LCA SF alone may provide selective pressure that favors those cell types that respond to LCA SF stimulation in the absence of feeder cells.
Whereas the amplifying factor(s) delivered by the cell lines are neither antigen specific nor strain specific, antigen-specific stimulation of the amplifier cell lines is required for factor production. Our results show that the stimulus for production of amplifying factors can not be confined solely to I region-encoded antigens. I-region antigens of the MHC have been convincingly shown to augment cytolytic responses in vitro via stimulation of Lyt-1 + amplifier T cells (1, 2, 7, 11) . Our amplifier cell lines, which were derived from MLC involving H-2 and Mls differences but are reactive towards Mls antigens, clearly demonstrate that Mls antigens can function in the augmentation of CTL responses. The data also establish that amplifier cell surface expression of Lyt-1 alloantigens is not required for augmentation of cytolytic activity. Whereas several systems in which amptificatibn ofcytolytic activity has been described involved MHC differences (1, 6-8, 11), many involved stimulation by MHC as well as Mls antigens (3, 9, 11, 12) . Also, antigen stimulation is not essential for amplifying factor production because mitogenic stimulation of Lyt-1 + spleen cells can result in lymphokine production (11, 12, 34) . The nature of the stimulating antigens responsible for amplifier effects can be determined conclusively only by using amplifier T cell clones. The isolation of amplifier cell clones, all of which are reactive toward Mls antigens, was a fortuitous event related to the particular experimental conditions employed, and we do not presume that only Mls antigens stimulate the amplification of cytolytic activity. Therefore, we are working to establish amplifier cell clones that are MHC reactive.
Cell clones isolated from immune responses will be very useful in characterizing those responses in terms of the participating cell types, the antigens to which they respond, and the soluble factors involved. The derivation of cell clones will also facilitate the manufacture of monoclonal antibodies directed against cell surface proteins and serve as useful probes for analysis of the receptor molecules involved in specific immune interactions. Summary Several T cell clones have been derived by limiting dilution of secondary mixed leukocyte culture cells stimulated by H-2-and M locus (Mls)-disparate spleen cells. When examined for the expression of cytolytic activity and the ability to proliferate, these cell clones can be classified into two major categories. One type of cell is noncytolytic; when cultured with irradiated spleen cells, such clones proliferate in response to Mls determinants. Some, but not all, of these clones express Lyt-1 alloantigens. The other type of cell is cytolytic; these clones do not proliferate when cultured with irradiated allogeneic spleen cells unless supernatant fluid (SF) is added. These cytolytic clones express Lyt-2 alloantigens. Some cytolytic clones are specific for H-2K d and others for H-2D d alloantigens. Still other cytolytic cell clones exhibit cross-reactive lysis of different H-2-bearing tumor and Con A blast target cells. Noncytolytic T cell clones, when stimulated by Mls antigens, were examined for their ability to promote proliferation of cytolytic T cell clones. All of the noncytolytic cell clones tested were able to promote proliferation of cytolytic cell clones with the concomitant expression of cytolytic activity directed toward the original stimulating alloantigen (H-2d). Amplification ofcytolyfic activity was dependent upon stimulation of the noncytolytic amplifier T cell clones by Mls antigens. Specific alloantigen (signal 1), however, was not required for proliferation of the cytolytic cell clones; the amplifying signal (signal 2), delivered by the amplifier cell clones, was sufficient alone to promote proliferation of the cytolytic cell clones. Whereas proliferation of the amplifier cells was radiosensitive, the generation of the soluble amplifying signal was radioresistant. Amplification of cytolytic activity was observed when either amplifier cells were physically separated from responding cytolytic cells in Marbrook cultures or when cytolytic cells were cultured with SF collected from amplifier cell cultures. The amplifying factors were neither antigen specific nor strain specific and could be produced by Lyt-1-cells. The availability of cloned T cell lines that retain specific biologic function offers unique opportunities to characterize cell surface proteins and cell-cell interactions.
